The asymmetric hydrolysis of five-membered cyclic diesters was carried out by using pig liver esterase (PLE) as a catalyst. The absolute configurations of the resulting half esters and recovered diesters were established and the stereospecificity of PLE action in such systems was revealed.
Recently, we have reported convenient methods for the synthesis of five-membered heterocycles by the use of 1,3-dipolar cycloaddition reactions.1,2) The introduction of chirality into the resulting cycloadducts was required for further application of these methods. Asymmetric synthesis or optical resolution by the use of enzymes is an effective method for obtaining chiral synthons, and pig liver esterase (PLE) has often been used for such enzymatic synthesis3) because it is easy to handle. We wish to describe herein the PLE-catalyzed hydrolysis of five-membered heterocyclic diesters aiming to produce chiral building blocks which are expected to be useful for the synthesis of natural products.
Eight diesters with five-membered ring systems were employed for the purposes of the present work: dimethyl pyrrolidine-3,4-dicarboxylate (la), dimethyl N-benzylpyrrolidine-3,4-dicarboxylate (lb), and dimethyl tetrahydrothiophene-3,4-dicarboxylate (lc) were synthesized by 1,3-cycloadditions via azomethine or thiocarbonyl ylides. Dimethyl cyclopentane-1,2-dicarboxylate (1d), dimethyl pyrrolidine-2,5-dicarboxylate (2a), dimethyl N-benzylpyrrolidine-2,5-dicarboxylate (2b), and dimethyl cyclopentan-1,3-dicarboxylate (2d) were synthesized by the reported methods.4-6) Dimethyl tetrahydrothiophene-2,5-dicarboxylate (2c) was synthesized from dimethyl 2,5-dibromoadipinate and sodium sulfide. The stereo-, chemistry of ester groups in these compounds was restricted to trans from, in which the enzymatic action has not been established. 
dicarboxylate ((+)-1c) was desulfurized with Raney Ni and reduced with LiA1H4 to give ( -)-2,3-dimethy1-1,4-butanediol (( -)41), which has been established to have 2S, 3S configulation.7) The configurations of ( -)-1d, (-)-2c, and ( -)-2d were determined readily by conversion of these compounds into the corresponding dicarboxylic acids (1 R 2R,9) 2R 5R,10) and 1R 3R,6a respectively). Table I shows that in a series of 3,4-and 1,2-diesters (entries 1 4), enantiomers of the same absolute configuration (independent of the description R and S) were hydrolyzed preferentially. In a series of 2,5-and 1,3-diesters (entries 5-8), the enantiomers hydrolyzed preferentially in the cases of entries 5, 7, and 8 were of the same absolute configuration. However, in the case of entry 6 the reverse configuration was favored.
The PLE-catalyzed hydrolysis of five-membered cyclic diesters proceeded smoothly to give optically active half esters and diesters. Although the optical yields (% ee) were relatively low, it should be noted that the stereospecificity of PLE was not influenced by the hetero atom, but was influenced by a substituent adjacent to a chiral center.
Experimental
All melting points are uncorrected. Infrared (IR) spectra were recorded with a JASCO A 202 infrared spectrophotometer. 1H-NMR spectra were determined with a Hitachi R-2413 (60 MHz) NMR spectrometer or a JEOL 90Q (90 MHz) FT-NMR spectrometer. Chemical shifts were measured relative to internal tetramethylsilane or 3-(trimethylsily1)-1-propanesulfonic acid sodium salt hydrate, and are given in 6 values. Coupling constants are reported in hertz and splitting patterns are designated as follows: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad. Optical rotations were measured with a JASCO DIP-140 digital polarimeter.
Starting Materials Dimethyl N-benzylpyrrolidine-3,4-dicarboxylate (1b),1) dimethyl N-benzylpyrrolidine-2,5-dicarboxylate (2b),4) dimethyl tetrahydrothiophene-3,4-dicarboxylate (1c),2) dimethyl cyclopentane-1,2-dicarboxylate (1d),5) dimethyl cyclopentane-1,3-dicarboxylate (2d)6) were prepared by the reported methods.
Dimethyl Pyrrolidine-3,4-dicarboxylate (la) A mixture of lb (1.39 g, 5 mmol) and 5% Pd-C (0.4 g) in methanol (50 ml) was stirred overnight at room temperature under a hydrogen atmosphere. After removal of the catalyst by filtration, the filtrate was concentrated under reduced pressure to give an oil, 0.86 g (92%). IR v r,,e : cm-1: 1736 (C =0), 3328 (NH). (+ )-Dimethyl 2,3-Dimethylsuccinate ((+)-10) A mixture of ( + )-1c (607 mg, 3.13 mmol) ace + 9.13 . c =6.00, CHC13, 18% ee) and Raney Ni in methanol (30 ml) was stirred for 20 min at room temperature. After removal of the catalyst by filtration, the filtrate was concentrated under reduced pressure, and the residue was purified by distillation to give a colorless oil, 319 mg (62%), by 115 C (bath temp.) (22 mmHg). [a]3 +0.63 (c= 6.0, CHC13). compound was used for the synthesis of (-)-11. 
